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(54) Mobile telephone with GPS receiver and control method therefor 



(57) The invention relates to a mobile telephone with 
a built-in GPS (Global Positioning System) receiver, and 
more particularly such a device with improved control of 
the clock reference supplied to the GPS receiver using 
the reference clock of the mobile telephone system to- 
gether with the internal mobile telephone clock. The in- 
vention also relates to the corresponding control meth- 
od. The mobile telephone comprises: a mobile tele- 
phone radio unit (1); a voltage controlled oscillator (3) 
for generating a clock signal to the mobile telephone ra- 
dio unit; a baseband processor (2) arranged to extract 
a received clock reference from a base station of a mo- 
bile telephone system, to compare the received clock 
reference with the generated clock signal, and to gen- 
erate a first control signal (a) to the voltage controlled 
oscillator (3) for adjusting the frequency thereof when 
the frequency of the generated clock signal deviates 
from the received clock reference by a certain amount; 
and a GPS radio unit (5, 6) adapted to receive the gen- 
erated clock signal or a derivative of it as its clock ref- 
erence. According to the invention the baseband proc- 
essor (2) is arranged to supply a second control signal 
(b) to the GPS radio unit (5, 6) containing information 
about any frequency adjustments, e.g. time and magni- 
tude of any change. 



Ref. dock 



Phone 
radto 



Clock 



Phone 
VCXO 



GPS 
receiver 



Y" 



GPS sub- 
processor 



Phone 
DAC 


a 


Prione 

basebarKJ 

processor 


* Control 
sionals 


b 



FIG 1 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP_ 



_1501Z01A1_I_> 



BEST AVAIUBLE COPY 



EP 1 501 201 A1 



Description 

Field of the invention 

[0001] The present invention relates to a mobile tele- 
phone with a built-in GPS (Global Positioning System) 
receiver and more particularly such a device with im- 
proved control of the clock reference supplied to the 
GPS receiver using the reference clock of the mobile 
telephone system together with the internal mobile tel- 
ephone clock. The invention also relates to the con-e- 
sponding control method. 

State of the art 

[0002] Mobile telephones with integrated GPS receiv- 
ers already exist on the market. The GPS receiver pro- 
vides a positioning service to the mobile telephone user. 
To perfonn well the GPS receiver needs a stable clock. 
It has been proposed to use the internal mobile tele- 
phone clock, whrch is synchronised to the mobile tele- 
phone system base station clock. The mobile phone us- 
es a voltage controlled oscillator (VCXO), which for var- 
ious reasons is not completely stable and must be ad- 
justed at intervals. However, this adjustment makes it 
awkward to use the VCXO signal directly as a clock for 
the GPS receiver. If the GPS receiver clock changes 
without notbe it will result in that the GPS receiver loos- 
es the received signal and a new search has to be done 
to recover the information. 

[0003] Postponing the VCXO clock adjustment to a 
time when the GPS receiver is not sensitive, such as 
between data acquisition operations, might be against 
the mobile telephone system standard. Thus, this is not 
a viable solution. 

[0004] Another solution would be to use a separate 
temperature controlled crystal oscillator (TCXO) for the 
GPS but this would add cost and size, and could poten- 
tially cause spurious interference on certain mobile tel- 
ephone frequency channels. 

Summary of the invention 

[0005] One object of the invention Is to use the mobile 
telephone internal clock also In the GPS receiver and 
permit frequency adjustments without disturbing the 

GPS receiver. 

[0006] This object is achieved by signalling to the 
GPS beforehand about the timing and magnitude of the 
frequency adjustment. The signalling can be made as a 
direct signal to the GPS subprocessor or as a software 
signal e.g. if the GPS receiver shares the processor with 
the mobile telephone. 

[0007] In a first aspect the invention provides a mobile 
telephone comprising: 

a mobile telephone radio unit; 

a voltage controlled oscillator for generating a clock 



signal to the mobile telephone radio unit; 
a baseband processor arranged to extract a re- 
ceived clock reference from a base station of a mo- 
bile telephone system, to compare the received 

5 clock reference with the generated clock signal, and 

to generate a first control signal to the voltage con- 
trolled oscillator for adjusting the frequency thereof 
when the frequency of the generated clock signal 
deviates from the received clock reference by a cer- 

^0 tain amount; 

a GPS radio unit adapted to receive the generated 
clock signal or a derivative of it as its clock refer- 
ence. 

[0008] According to the invention the baseband proc- 
essor is arranged to supply a second control signal to 
the GPS radio unit containing information about any fre- 
quency adjustments, e.g. time and magnitude of any 
change. 

[0009] Suitably, the second control signal is a digital 
signal supplied to a subprocessor of the GPS radio unit. 
[0010] The first control signal may be a digital signal 
identical with the second control signaK and may be sup- 
plied to the voltage controlled oscillator via a digital/an- 
alog converter. 

[0011] In one embodiment, the GPS radio unit share 
the baseband processor with the mobile telephone radio 
unit, and the second control signal is Implemented as a 
software signal. 

[001 2] Suitably, the frequency adjustment of the G PS 
radio unit may be formed by means of a lookup table 
linking the second controlsignal to the resulting frequen- 
cy adjustment of the GPS radio unit. 
[0013] In a second aspect the invention provides a 
method of controlling a GPS radio unit incorporated in 
a mobile telephone comprising: 



a mobile telephone radio unit; 
a voltage controlled oscillator; 
a baseband processor; 

wherein the GPS radio unit is adapted to receive the 
generated clock signal or a derivative of It as its clock 
reference. 

[0014] According to the invention, the method in- 
cludes the steps of; 

extracting a received clock reference from a base 
station of a mobile telephone system, 
generating a clock signal by means of the voltage 
controlled oscillator and 

supplying the clock signal to the mobile telephone 
radio unit and to the GPS radio unit, 
comparing the received clock reference with the 
generated clock signal, 

generating a first control signal to the voltage con- 
trolled oscillator for adjusting the frequency thereof 
when the frequency of the generated clock signal 
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deviates from the received clock reference by a cer- 
tain amount; and 

supplying a second control signal to the GPS radio 
unit containing information about any frequency ad- 
justments, e.g. time and magnitude of any change. 

[0015] Suitably, the second control signal Is a digital 
signal supplied to a subprocessor of the GPS radio unit. 
[0016] The first control signal may be a digital signal 
identical with the second control signal, and may be sup- 
plied to the voltage controlled oscillator via a digital/an- 
alog converter 

[0017] In one embodiment, the GPS radio unit share 
the baseband processor with the mobile telephone radio 
unit, and the second control signal is implemented as a 
software signal. 

[0018] Suitably, the frequency adjustment of the GPS 
radio unit may be fomned by means of a lookup table 
linking the second control signal to the resulting frequen- 
cy adjustment of the GPS radio unit. 
[001 9] The invention is defined in the attached claims 
1 and 1, while preferred embodiments are set forth in 
the dependent claims. 

Brief description of the drawings 

[0020] The invention will be described in detail below 
with reference to the accompanying drawings, in which 
the only fig. 1 is a schematic diagram of the functional 
blocks relevant to the present invention. 

Detailed description of preferred embodiments 

[0021 ] A mobile telephone with a built-in GPS receiver 
has many useful applications, as will be readily appre- 
ciated by a person skilled in the art. For economic and 
technical reasons, the GPS unit should share compo- 
nents with a mobile telephone unit. The mobile tele- 
phones uses a voltage controlled crystal oscillator 
(VCXO) for providing a clock signal to the mobile tele- 
phone radio unit. If the phone VCXO can be re-used, 
the costs and the space required will be decreased. Al- 
so, the GPS unit may share the baseband processor of 
the mobile telephone. 

[0022] The mobile telephone Is connected to a mobile 
telephone communication system, such as GSM (Glo- 
bal System for Mobile Telecommunication) or UMTS 
(Universal Mobile Telecommunication System). The 
GPS unit is in turn connected to the global positioning 
system by means of its radio unit receiving signals from 
GPS satellites. The GPS unit performs acquisition of da- 
ta from a satellite using cross-correlation of a spread 
spectrum signal. The correlation is made typically sev- 
eral times per second. By using the high accuracy of the 
GSM reference clock, the GPS perfomnance will be in- 
creased significantly. Especially the time to first fix TTFF 
will decrease. A short TTFF is one of the most important 
parameters for the user experience. The GPS system 



uses a 1 ,5 GHz carrier wave frequency, but other posi- 
tioning systems may use other frequencies. 
[0023] Fig. 1 shows an exemplifying embodiment of 
the present invention, in which only blocks of the mobile 

5 phone relevant to the present invention are shown. The 
device comprises a mobile telephone radio 1 receiving 
a reference clock at e.g. 13 MHz from the GSM base 
station. The mobile phone baseband processor 2 re- 
ceives the reference clock and supplies a first control 

<o signal a to the phone VCXO 3. whfch in turn supplies a 
clock signal to the phone radio 1 . In the phone baseband 
processor 2 a comparison is made between the refer- 
ence clock and the clock signal from the phone VCXO 
3. If the clock signal generated by the phone VCXO 3 

'5 deviates from the reference clock by a certain amount, 
the frequency of the generated clock signal must be ad- 
justed. The phone baseband processor orders a change 
in steps e.g. in fractions of 1 Hz, typically 0,7 Hz. One 
or more steps may be ordered at a lime. The phone 

20 VCXO 3 may receive a digital signal directly from the 
phone baseband processor 2 or a digital/analog con- 
verter 4 converts the control signal a to an analog form 
suitable for the phone VCXO 3. 

[0024] The phone VCXO 3 also supplies a clock sig- 

25 nal to the GPS unit, which comprises an analog GPS 
receiver 5 and a digital GPS subprocessor 6. If the fre- 
quency of the clock signal is adjusted one step of 0.7 
Hz, this is translated into 80 Hz in the GPS receiver, 
since it operates at 1 ,5 GHz. If this signal were used 

50 directly without any additional information about the ac- 
tual frequency change, the GPS receiver would most 
probably loose the satellite signal and have to do a new 
time consuming search. Typically, it can take up to 10 
seconds to recover the lost infomriation. 

35 [0025] According to the present invention, information 
about the frequency change is fed into the GPS chip set. 
e.g. the GPS receiver satellite signal acquisition and 
tracking loop. The information is sent by the phone 
baseband processor 2 as a second control signal b. The 

"^0 inf onnation should comprise time and magnitude of the 
frequency change. This will result in that the GPS algo- 
rithms directly can compensate for the antrcipated fre- 
quency change and the satellite signal will not be lost. 
[0026] By selecting suitable components and param- 

^5 eters, the first and second control signals a and b can 
be the same and supplied to the phone VCXO 3 and the 
GPS subprocessor 6. 

[0027] In another embodiment, the GPS subproces- 
sor is physically located in the baseband processor 2. 

50 In other words, the GPS unit shares the baseband proc- 
essor which is programmed to perform the control of 
both the phone VCXO 3 and the GPS receiver 5. In this 
case, the control signal information will be sent internally 
in the phone baseband processor between the blocks 

55 controlling the phone VCXO and the GPS unit. 

[0028] Conveniently, the frequency adjustment of the 
GPS radio unit is formed by means of a lookup table in 
which ail possible GPS frequency adjustments are 
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mapped to all possible control signals, so that the sec- 
ond control signal b is linked to the appropriate frequen- 
cy adjustnnent of the GPS radio unit. This approach 
avoids computing of the various frequency adjustments 
of the GPS radio unit. A person skilled in the art will re- 
alise that the invention may be realised in various com- 
binations of hardware and software. The scope of the 
invention is only limited by the claims below. 



Claims 

1 . A mobile telephone comprising: 

a mobile telephone radio unit (1); 
a voltage controlled oscillator (3) for generating 
a clock signal to the mobile telephone radio unit 
(1); 

a baseband processor (2) arranged to extract 
a received clock reference from a base station 
of a mobile telephone system, to compare the 
received clock reference with the generated 
clock signal, and to generate a first control sig- 
nal (a) to the voltage controlled oscillator (3) for 
adjusting the frequency thereof when the fre- 
quency of the generated clock signal deviates 
from the received clock reference by a certain 
amount; 

a GPS radio unit (5, 6) adapted to receive the 
generated clock signal or a derivative of it as its 
clock reference, characterised in that 

the baseband processor (2) is arranged 
to supply a second control signal (b) to the GPS 
radio unit (5, 6) containing infonnation about 
any frequency adjustments, e.g. time and mag- 
nitude of any change. 

2. A mobile telephone according to claim 1 , charac- 
terised in that the second control signal (b) is a dig- 
ital signal supplied to a subprocessor (6) of the GPS 
radio unit. 

3. A mobile telephone according to claim 2, charac- 
terised in that the first control signal (a) is a digital 
signal Identical with the second control signal (b). 

4. A mobile telephone according to claim 3, charac- 
terised in that the first control signal (a) is supplied 
to the voltage controlled oscillator (3) via a digital/ 
analog converter (4). 

5. A mobile telephone according to claim 1 , charac- 
terised in that the GPS radio unit (5) share the 
baseband processor (2) with the mobile telephone 
radio unit (1 ), and in that the second control signal 
is implemented as a software signal. 

6. A mobile telephone according to any one of the pre- 



6 

ceding claims, characterised in that the frequency 
adjustment of the GPS radio unit (5, 6) is formed by 
means of a tookup table linking the second control 
signal (b) to the resulting frequency adjustment of 
5 the GPS radio unit (5, 6). 

7. A method of controlling a GPS radio unit incorpo- 
rated in a mobile telephone comprising: 

a mobile telephone radio unit (1); 
a voltage controlled oscillator (3); 
a baseband processor (2); 

wherein the GPS radio unit (5, 6) is adapted to re- 
ceive the generated clock signal or a derivative of 
it as its clock reference, characterised by the steps 
of; extracting a received clock reference from a 
base station of a mobile telephone system, 
generating a clock signal by means of the voltage 
controlled oscillator (3) and supplying the clock sig- 
nal to the mobile telephone radio unit (1 ) and to the 
GPS radio unit (5, 6), 

comparing the received clock reference with the 
generated clock signal, generating a first control 
signal (a) to the voltage controlled oscillator (3) for 
adjusting the frequency thereof when the frequency 
of the generated dock signal deviates from the re- 
ceived clock reference by a certain amount; and 
supplying a second control signal (b) to the GPS 
radio unit (5, 6) containing information about any 
frequency adjustments, e.g. time and magnitude of 
any change. 

8. A method according to claim 7, characterised in 
that the second control signal (b) is a digital signal 
supplied to a subprocessor (6) of the GPS radio 
unit. 

9. A method according to claim 8, characterised in 
that the first control signal (a) is a digital signal iden- 
tical with the second control signal (b). 

10. A method according to claim 9, characterised in 

that the first control signal (a) is supplied to the volt- 
age controlled oscillator (3) via a digital/analog con- 
verter (4). 

11. A method according to claim 7, characterised in 
that the GPS radio unit (5) share the baseband 
processor with the mobile telephone radio unit (1), 
and in that the second control signal is implement- 
ed as a software signal. 

1 2. A method according to any one of claims 7 to 1 1 , char- 
acterised in that the frequency adjustment of the 
GPS radio unit (5, 6) is fomried by means of a lookup 
table linking second control signal (b) to the resulting 
frequency adjustment of the GPS radio unit (5, 6). 
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